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An Enhanced Accuracy High Readabihty VTVM 



IN MOST electronics laboratories there is a 
small but continuing requireinent for meas- 
uring a-c voltages to the best possible accll^ac)^ 
This requirement is generally not met by lab- 
oratory standard voltmeters, either beeause 
their resistance is too low or 
because the frequency of the 
voltage to be measured is out- 



SEE ALSO: 

"Ui& of Nokh 

Wattmeter'', p. 3 



side their limited range. While the popular -hp- 
Model 400D VTVM with its 2% accurac)^ from 
20 cps to 1 mc meets many of these require- 
ments, there are occasions where even higher 
accurac)^ is desired* 

The enhanced accuracy vacuum-tube volt- 
meter shown in Fig, 1 has been designed for 
use in such applications. This instrument meas- 
ures a-c voltages to an accuracy of within — 1% 




Fig. L Sett ^hp^ Model 400H VTVM has !7f accttracy m^r 

50 cps^^OO he range t 2^c acciirat^y over 20 cps- 1 m€ range, is 

ttsdble t^ 4 mc. Mirror scale and high^de^nition meier con- 

irihute to itcatra^y <?/ reading. 



over the frequency range from 50 cps to 500 kc 
and over the voltage range from 1 millivolt full 
scale to 300 volts full scale in 12 ranges. Fur- 
ther, this \% tolerance applies for any power 
line voltage from 103 to 127 volts. The instru- 
ment has a very high input impedance of 10 
megohms'^ shunted by 25 mmf on the low 
ranges or by 1 5 mmf on the high ranges. Cir- 
cuit loading by the voltmeter is thus mini- 
mized. The instrument can also be used over 
the frequency range from 10 cps to 4 mega- 
cycles at an accuracy' of within ^5%. 

The problem of designing a vacuum tube 
voltmeter with 1% accuracy over a wide fre- 
quency and line voltage range can be divided 
into two principal parts. First, a high-gain, 
wide-range amplifier wqth a stabilit}' sufficient 
to support this accuracy must be designed. De- 
signing such an amplifier so that it can be man- 
ufactured within accepted economic limits is a 
major design problem. 

The second principal part of the voltmeter 
design is the indicating meter itself. For use in 
a 1%-accuracy voltmeter, the indicating meter 
must have considerably less than 1 % error and 
considerably higher than \% readabilit). 

As to the first part of the problem— the high- 
stability^ amplifier— it w as found possible to use 
the same basic amplifier used in the -hp- Model 
-lOOD VTVM+. The amplifier in that instru- 
ment was a new^ type of design which offered 
very desirable characteristics. For one things 
the amplifier had a mid-band feedback of 

♦John ZfTv^bcreoj, **Wiiicr RanEc and Hijghtf ScahiUr^- in the Nei!(' 
'hp- \ MC Voiirtit'ifr," He wIctE -Packard Journal. Vol, 5* No. 9, May, 
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-ftATED 5% RANGE OF VOLTKETIfl- 




Fig. 2. 



^^10- 



Effect on loUmeier reading of tiirUlkjit iu G,^^ //; all fuhes of Ai otit^l 400H 
amplifier. Center G vtihic for tithes ttsei! is 62(Hi micromhos^ 
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Fig. 3. Effect on voltmeter reading of -±.10% line poltage Viiriation. 



nearly 60 db. A 2.5:1 change in the 
effective Gr,, of the amplifier TV'ould 
thus result in less than 0.2^^ change 
in the mid-band amplifier gain. 

In Dther words^ the Gu, of all of 
the amplifier tubes could each vary 
20% below Of above rated value for 
their type before a discernible 
change occurs in mid-band gain. 
Even at the ends of the 4 megaqt'cle 
range of the amplifier, large G^ va- 
riations produce tmly a minor change 
in ^d'ln (Fig- 2). This high order of 
insensitivity to tube G^. virtually In- 
sures the instrument against line 
voltage problems i^i^^ 3 "I or tube re- 
placement effects on the mid-band 
calibration. Obviously-^ then, this 
amplifier more than safely gives the 
required stability, having much less 
thaa 1% gain variation for a ^-^ide 
range of tube G-,/s and for a wide 
range of line voltages over the mid- 
dle 50 cps-500 kc frequency range 
and, in addition, can be used with 
good accuracy over much wider 
ranges, 

MET! ft 

The need for the indicating meter 
itself to contribute less than I % error 



to the measurement formed the basis 
for selecting a |% accurac}' meter 
for the instrument. To insure a good 
order of readability for the indicat- 
ing meter, a >inch movement w^as 
selected* The meter is provided ivirh 



a mirror scale and knife*edge point- 
er to minimize parallax errors. The 
5-inch meter permits a scale ^'^ith 
100 divisions to be used for the "1" 
range in place of the usual 50-divi- 
sion scale. The **y' range has a 60- 
di vision scale, also t^'ice as many 
divisions as usual. The meter face is 
reproduced two -thirds of actual size 
in Fig* 4 where the high order of 
definition is apparent* 

GENERAL 

In other respects the new volt- 
meter incorporates all of the popular 
features of the other -hp- voltmeters* 
The meter face includes a DB scale 
calibrated w^ith dbm equal to 1 
milliwatt in 600 ohms. This scale^ in 
combination with the 10 db interval 
for the range switch steps, permits 
the instrument to make direct db 
readings over a range from —72 to 
+ 52 dbm. Terminals are provided 
to permit the instrument to he used 
as a stable, wide- range amplifier. The 
cabinet is arranged w^ith a bail to 
permit the meter to be tilted for 
easier viewing in bench set-ups* 

—John Zevenb^gen 




\\ 



Fig. i.Ttvo-ibirds size reprodtiction of meter taed in Model 400M, Upper scale is 
calibrated in l^,r increments, "V scale in IJ^f increnn^nls. 
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VOLTAGE RANGE: 0.! millfvoits Jo 300 voltt. 
1:2 ronqes, sti'lecled wiih front pcnel 
switch. Full scolfl readings of 0.001, 0.003, 

o.oio, oom aioo, 0.300, 1.0. 3 a lo.o. 

30. 100, 300 vofts. 

FREOiiflsrCY RANGE. 10 cps to 4 mugDcycfe*. 

ACCURACY! W[lh fEne voltcigei of ndmlnol 
voltpg? rJO^Q 103 ^olTl to 127 1*0115,1, 
overoll o ecu racy fs; wfthEn :i:l*^b of fuil 
seal* volue, 30 cps to 500 kc: vM'ithm 
±2% of fuM scale value, 20 cfi to 1 mc; 
within ±5% of fuH i^^ltt vnmt^ 10 eps 
to 4 mc. 

(LONG TEAM Sr^^fiR/rV: Reduction in 0,^, of 
ompiifier tubei fo 75% of nominol voJu^ 
results in «!Tor of less ihon 0.5%. 20 cpi 
lo 1 mc. 

CAU&HAJtOH: Reads rm% value of unv 
Wove. VoltciHgB indicotEon proportional to 
«ivercig« volu* of oppHed woye. linear 



SPECIFICATIONS 

-hp- MODEL 400H 

HIGH ACCURACY VACUUM-fUBG 

VOLTMiTES 

voltoge scolcs. to 3 ond to 1.0; db 
scale, —12 db to —2 db, bo»d on 
dbrri 1 mw in 600 ohms, lO db inier- 

vols between fongcs, 

INPUT iMFEDANCi: 10 megohmi ikunt#d by 
15 ^t/jf on ranges 1.0 volt to 300 volts; 
25 ix.ii<:f on ronges 0.0O1 volt to 0.3 vpEi. 

AMPUFtiR^ Output term i no Is ore provided 
so voNmeter con be used to amplify small 
signals or to monitof woveforms under 
teit with on oscilloscope. Output opprpx- 
Imotuly 0.15 volts rms on oil ranges with 
fvlf scale meter deflection. Amplifier fre- 



quency response ^orne as that of volt- 
meter. Interrtul impedance dpproJtimotely 
50 ohms over entire frequency rong«. 

POVVff SUPPLY. 1 15 230 volt* -10%, 
50 IhDOO cps^ oppfox. 100 wotts.. 

SiZi: Cobinet Mounts WW hish, 7\y wide, 
1134' deep. Rack Mount. 19'^ Mgb, ? ' 
iivide, 12^^ deep. 

WflGNf: Cabinet Mount: 18 lbs.; shipping 
weight oppfoximptely^ 32 Ibi. Rock JWtoynt: 
22 lbs.; shipping weight opprpxinvotely 
35 lbs. 

PRtCS: Model 400H Hiqh Accwfocy Vacuum 
Tube Voltmeter, Cobinet Mount, $325.00 
f.ob. Polo Alto. Californio. Model 400HR 
High Accuracy Vpcuum Tube Vollmeter, 
Rock Mount 5330.00 f.o.b. Polo Alto, 
California. 

DotD subject to chonge without notice. 



USE OF THE "NOTCH WATTMETER" 
WITH -//>- SIGNAL GENERATORS 



One of the systems for measuring 
the peak power of r-i pulses is the 
"notch wattmeter." This system is 
useful in many high-frequency 
measurement applications where the 
average power in a pulsed r-f wa%e 
is too low to he measured directly by 
a power meter- The r*f pulse may be 
the Jow-le\'ei output from a moni- 
toring terminal on a high- power 
pulse transmitter or it may be that 
available from a iaborator)^ setup. 
The peak power in these applica- 
tions is usually in the miUiwatt re* 
gion while the average power is in 
the tens of microwatts region. 

The basis of operation of the sys- 
tem is to compare the amplitude of 
the r-f pulse to be measured, such as 
that in Fig. 1(a), with the amplitude 
of a pulsed-off r-f wave, such as that 
in Fig. Kb), which is obtained from 





R-F PULSE 
(A) 



•NOTCH- 




SIGNAL GENERATOR OUTPUT 
(B) 



Fig. 1. Sketch illfjstriitmg fa) typical r*f 
ptihe to be measuretl: (h) puhe-ofj type 
output required from signal gcHerat&r. 
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Fig. 2* Typical equipTPtetit arrattgefffent for fortning notch wattmeter at X-haml 

frequencies. 

a signaf generator. When the signal meter. A second directional coupler 
generator power has been adjusted is used to split off s<jmeof the power 
to be equal to the peak power of the for monitoring by an oscilloscope. 



pulse under measurement, the peak 
power of the pulse can be deter* 
mined in two ways. First, it can be 
determined from the calibrated out- 
put attenuator on the signal gener- 
ator, or second, it can be determined 
from the reading of a power meter 
to which the two signals are simul- 
taneously applied. The second 



In operation the pulse Mridch, repe- 
tition frequency and delay controls 
on the mcxlulatrng puise generator 
are adjusted so that the ''off" time of 
the Signal generator is coincident 
with the pulse being measured. The 
signal generator r-f frequency' is 
made very nearly the same as that of 
the w^ave under measurement to 



method is generally preferable from a%'oid frequency' effects in the crystal 



an overall accuracy standpoint. 

Fig. 2 shows a tj'pical arrangement 
for measuring power with the 
"notch" system at microwave fre- 
quencies* The tw^o r-f powers are 
combined in a waveguide d freer ion - 



detector. 

When the pulses have been 
brought into coincidence, the signal 
generator power should be adjusted 
to be equal to the peak power of the 
pulse being measured by making the 



al coupler and applied to the power height of the two pulses exacdy 



)Copr. 1949-1998 Hewlett-Packard Co. 



^'OUECTED F-f PVISE 



(A) 



Tj 



■■■mECIEO WTCH 

(B) 



Fig. 3- Oscilloscope display (a} when 

pr/lses are f/ot coincident and (h) when 

ptdses i/re coincident and of equal am- 

plitmle, 

equaK When the signal generator 
off time is slightly longer than the 
length of the pulse being measured 
and the pulse heights are equal, the 
presentation will be similar to Fig, 
3(b). With low duty c}^cles it is rela- 
tively unimportant that the off time 
be precisely equal to the pulse time. 

For the coupling values of the di- 
rectional couplers, it is convenient 
to use the values specified in Fig. 2. 
With this arrangement peak powers 
down to between —15 and —20 dbm 
can be measured. In marginal cases 
a few db can be gained by using a 
10 db coupler in the first location as 
well as the second, A tuned detector 
mount is also required in the lower 
power cases to obtain a usable volt- 
age to drive the oscilloscope. The 
oscilloscope should be a high -gain 
t}^pe. 

Using the setup of Fig* 2, the read- 
ing of the power meter should be 
compensated by adding 11% or 1 db 
to the observed value. This step com- 
pensates for the power split off by 
the 10 db second coupler. If the first 
coupler is a 3 db coupler, the power 
split off by it must be corrected for 
by adding 3 db to the previously cor- 
rected meter reading. One db should 
be added if a 10 db first coupler is 
used, 

PULSE-OFF MODULATION 

Ic will be noted that the notch 
wattmeter system requires that the 
signal generator be turned off rather 
than on by the modulating piil<;e. 



This type of modukcion is the in- 
verse of that which most generators 
are designed to produce. It so hap- 
pens, however, that most of the -hp- 
microwave generators can be modu- 
lated off by the -hp- 2 12 A Pulse Gen- 
erator using only the existing modu- 
lation terminals and controls on the 
signal generators* 

The usual condition wherein 
pulse-off modulation can be obtained 
with -hp- microwave generators is 
when a positive pulse is applied to 
the modulation input terminal of 
the generator while the generator's 
modulation selector switch is in the 
external f-m position. What hap- 
pens circuit-wise under these cir- 
cumstances is shown in Fig. 4. Fig. 
4(a) is a single-frequency power out- 
put vs. repeller voltage curve which 
represents a typical osctllatton mode 
of the klystrons used in the -hp- 
microwave generators. The dashed 
line in the characteristic is the typi* 
cal value to which the repeller volt- 
age of the klystron is maintained by 
the voltage-tracking system of the 
generator. 



T 


1 . - -nPKl^l RmiiB 




/r\ 


REPEaEfi VQLTS (-) ^ 




(A) 




..-mifm mmufJiMQ miE 


T 


^'' \ m rniiu^ 


1 1 _ 


^ 
^ 
^ 


A \ 


REPELLER VOLTS (-) -t 




(B) 



Fig. 4, iii) Typical power autpHi r^, re- 
peller T'olta^e characi eristic of klystron 
used in -hp- micron ate generators, (h) 
Positive modulating pulse applied to re- 
peller circnil ptdses klystron out of oscil- 
lation. 

Fig. 4(b) shows the effect of apply- 
ing a positive pulse to the external 
modulation terminal of the genera- 
tor. When the modiilation selector 
switch is in the external f-m posi* 
tion, the pulse is connected to the 
repeller circuit. If the pulse is of suf- 
ficiently large amplitude, it drives 



the repeller voltage out of the oscil- 
lation mode for the duration of the 
pulse. This produces the desired off- 
type modulation. 

Pulse-off modulation can be ob- 
tained in this manner with the -hp- 
Models 61H, 620 A, 626 A, and 628 A 
generators which collectively oper- 
ate from .^.8 to 20 kilomegacj^les. 
All of these generators will operate 
in this manner with the output pro- 
duced by the -hp* 212A Pulse Gen- 
erator, i.e.j 50 volts, A positive mod- 
ulating pulse is generally preferable 
for modulating purposes with the 
Models 618 and 620 A, while a nega- 
tive pulse is generally preferable 
with the Models 626A and 628A. An 
oppt>site polarity pnlse may produce 
superior results.^ however, in a given 
generator. Both negative and posi- 
tive pulses are available from the 
-bp- 111 A Pulse Generator* 

OTHER GINERATOHS 

It is also possible to obtain pulse- 
off modulation with most of the -hp- 
generators that operate at frequen- 
cies lower than those listed above. 
These lower frequeno' generators 
fall into two groups. The first group 
includes the </?/?- 608 and 612 which 
can be notch-modulated by applying 
a negative pulse of about 5 volts am- 
plitude. In the Model 608 this pulse 
should be applied to the external 
modulation terminals while the 
modulation selector switch is set to 
the external modulation position. In 
the Model 6I2 it should be applied 
to the pulse input connector w^hile 
the modulation selector switch is set 
to the pulse I position and the mod- 
ulation direction switch is set to the 
tuoci. dowti position. 

The second group includes the 
-bp- Models 6l4 and 616. In this 
group, however, notch modulation 
can only be obtained at high repeti- 
tion frequencies. A positive pulse of 
50-70 volts amplitude should be ap- 
plied to the external modulation 
connector while the modulation se- 
lector svt^Jtch is in the position speci- 
fying an external negdtlit pulse. 
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